Introduction
Innovation has received more and more attention in the European Union since adoption of the Lisbon Strategy in 2000. In 2010 the European Commission 2010; European Council adopted a new strategy, Europe 2020, which stressed again the importance of innovations. Therefore it is important to evaluate the current level of the European Union Member States' technological and economic development as well as its innovations impact on it. Innovation impact on economic development was analyzed by correlating various composite indices with GDP per capita indicator (Fagerberg & Srholec, 2008) . The author proposes a conceptual model for economic development evaluation according to a world-system approach. The level of economic development can thus be identifi ed by a system of indicators rather than single one (e.g. GDP per capita).
Wallerstein suggested this world-system approach (1974; 1979) . This theory explains structure, relations and dynamics of international systems encompassing separate entities such as states (Chase-Dunn, 1979; Shannon, 1996) . After Shannon (1996) , ChaseDunn, Durkheim and others made the most important contributions to the development of the theory. The world-system perspective integrates all branches of social sciences, such as sociology, political and economic sciences. Therefore the system can be understood as a set of changing economic, political and social relations. Recently, the world-system theory was applied in such areas as ecology (Moore, 2003) . This study mainly focuses on the economic aspects of world-system relations. However, several additional dimensions can be outlined when analyzing patterns of relations among members of the world-system, such as international trade, diplomatic ties, arms trade and military interventions (Rossem, 1996, p. 513) . Furthermore, this research is restricted to Member States of the European Union.
Links between innovations, competitiveness and development have been analyzed in many studies recently (Fagerberg & Srholec, 2008; Huggins & Izushi, 2009; Sabadie & Johansen, 2010; Liagouras, 2010; Ahmed et al., 2018) . Although political, economic and social integration of the Europe has been continuing for more than 50 years, economic development of the European countries is still uneven (de Arriba Bueno, 2010; Yan et al., 2017) . Therefore, it can be predicted that different European Union Member States performs different roles in the European world-system as well as in the global world-system. The aim of this article is to propose additional model for identifi cation of state's role in the world-system. In order to achieve the aim the following tasks were raised: 1) to overview world-system approach; 2) to defi ne system of indicators, identifying roles of states in the world-system; 3) to apply multicriteria evaluation methods and thus classify European Union Member States into relevant groups of world-system participants. The article is hence organized into respective sections.
The data from 27 Member States of the European Union is analyzed in this study. The data was obtained from World Development Indicators, Statistics Iceland and EUROSTAT databases. Period of the investigation covers year 2008. Methods of multi-criteria evaluation, namely MULTIMOORA and TOPSIS, were used to summarize and interpret the data.
Theoretical Fundaments of WorldSystem Approach
The author of world-system approach Wallerstein argued that this system expanded during sixteenth century in Europe and Latin America due to Great Geographic Discoveries and colonization processes (Wallerstein, 1974; Chase-Dunn, 1979; Shannon, 1996) . This system became global one in the late nineteenth century when all remaining parts of the world were incorporated into. Thus, the term "world" in this context should not be understood as geographic defi nition "globe", but rather than boundaries of the existing system of division of labour (ChaseDunn, 1979) . Wallerstein (2004) argued that term "world-system" refers to system that is a world itself. These boundaries separate participants of the world-system according to two dimensions: hierarchical and territorial. Therefore high-wage goods producing core of the system and lowwage goods producing periphery can be defi ned. Core states export high-technology goods and import less technologically advanced production from core countries, thus accumulating capital from peripheral states (Fig. 1) . Expansion (as well as deepening) processes of the system do not change this pattern of the system, but particular forms of hierarchical organization are replaced by new ones (e.g., feudal serfdom in periphery nowadays are virtually eradicated, but less obvious forms of slavery still exist in these areas). In addition, these processes allow upward (from the periphery of the world-system) and downward mobility of states (Chase-Dunn, 1979, p. 602) . The core states possess the largest part of world's economic, technological and military resources. Therefore such states dominate international politics. United States, United Kingdom, Germany and France can were classifi ed as core states at the very end of the 20 th century. In addition a group of states, namely Canada, Sweden, Norway, Finland, Belgium, Austria, Italy, Japan and Australia, was described as minor core powers (Shannon, 1996) . Since the most advanced forms of industrial production are to be found in the core states, the highest per capita income and the highest increases in per capita wealth are also observed here. Such mass-manufacturing industries as steel, autos, textiles etc. has been transferred from core to (semi)periphery while high-tech manufacture of electronics and other newer industries are getting more importance in the core. Thus the core states specialize in the most technologically advanced, capitalintensive and high-wage production (Shannon, 1996) . Furthermore, proportion of white-collar workers in the labour force increased thus increasing the size of the middle class and reducing inequality of income and wealth.
Fig. 1: Relations pattern of the world-system
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Opposite characteristics can be attributed to peripheral states. Sub-Saharan states in Africa and many Asian states can be considered as peripheral states (Shannon, 1996) . The periphery is primary location of low-wage production, coercive labour and exploitation: International Labour Organization estimated that more than 87 per cent of minimum 12.3 million victims of coercion were employed in developing countries of Asia and Latin America (Belser et al., 2005) . In addition, peripheral states exchange their low-wage production into high-wage core production, therefore core states obtain value-add created in the periphery. Export of raw materials and agricultural production remains one of the main attribute of peripheral participation in the worldeconomy. Thus, relatively more labour force is employed in agriculture. However, demand and prices for these commodities remain uneven and varying signifi cantly. Labour intensive (low-wage) goods, namely textiles, apparel etc., comprises the large part of exports. Industrialization remained limited compared to that in the core states. Many industrial facilities were fi nanced by core countries and corporations. Rapid industrialization was observed in peripheral states. Furthermore, and these states still remain the primary location for future growth of urban population while rural growth will be subdued (Montgomery, 2008 Ekonomie part of urban labour force is employed in informal sector (Maloney, 2004) . However, the middle class is larger than in periphery (Ravallion, 2010). All the above characteristics are summarized in Fig. 2 .
Such pattern of inter-state relations is dynamic: states can either ascend or descend in the world-system. For example, marine states, namely United Kingdom, Holland, Spain etc., were the main core powers during 16 th -18 th centuries, but only United Kingdom remained in the core while others descended in the world-system (Chase-Dunn, 1979). United States ascended in the world system during the 20 th century (Shannon, 1996) . After the end of the Cold War former socialist states mainly ascended in the world-system and became semi-peripheral (Shannon, 1996; Lane, 2006) . China can be presented as yet another case of country moving from periphery to core due to international trade fl ows, capital accumulation and infl uence in the international politics (Ma et al., 2017; Li et al., 2017; Zhu et al., 2017) . Signifi cant innovations have been achieved in the Central and Eastern European countries due to integration in the European Union .
By creating world-system approach, Wallerstein integrated dependency theory, capitalism, imperialism and state system. Thereafter a world-system is defi ned as "any effective division of labour …, which encompasses more than one cultural system" (Chase-Dunn, 1979, p. 603) . World-systems can be divided into two types: world-empires, where territorial division of labour is controlled by single administrative centre (e.g., the Roman Empire); and world-economies, where the division of labour is organized by political means among many unequal and competing states. In addition, those member states of the world-system usually represent interest of classes which possess control of these states. Thus in the long run world-system becomes arena for inter-and intraclass competition and is not controlled by any single state, since no world-state exists.
Chase-Dunn (1979) outlined descriptive schema explaining changes of the worldsystem in time. This schema consists of three main components: constants, cycles and trends. Three constants can be defi ned: 1) commodity production; 2) the core-periphery division of labour and forms as well as means of labour control; 3) the state system with relatively strong core states and relatively weak periphery states. Three cycles repeat themselves periodically in the world-system. The fi rst cycle describes general economic activity and rate of capital accumulation. Such cycles were called Kondratieff waves (Schumpeter, 1939) . The second cycle describes relations between core countries and ranges between multicentrity (i.e. single state controls the system) and unicentrity in areas of military and economic competition. 
In the third cycle, periods of relatively free international trade are replaced by periods of politically controlled trade. Finally there were four trends outlined: 1) the expansion of the world-system into new areas; 2) improving commodity relations; 3) state formationstates are getting more power and control of areas and citizens; 4) concentration of capital (i.e. increasing impact of enterprises).
In network analysis, roles can be defi ned as abstract systems of relationships among positions (Rossem, 1996, p. 509) . On the other hand, positions are concrete and assigned to specifi c segment. Actors in different positions can act with similar roles, but not vice versa.
Analysis of the European Union Economic Development
The conceptual model for assessment of European Union Member States' technical and economic development and thus their roles in the European world-system is presented in this section (Fig. 3 ). It will therefore be divided into three respective parts: for defi ning the system of indicators; for overviewing and choosing multi-criteria evaluation methods; and for fi nal identifi cation of roles of the European Union Member States.
Multi-Criteria Evaluation Methods
Application of multi-criteria evaluation methods is explored in branch of decision making theory Zeng & Xiao, 2018; Zhou et al., 2018; Chen et al., 2018) . There are many multiple criteria decision making methods developed.
Technique for the Order Preference by Similarity to Ideal Solution (TOPSIS) was introduced by Hwang and Yoon (1981) . MultiObjective Optimization by ratio Analysis (MOORA) method was offered by Brauers and Zavadskas (2006) on the basis of previous researches (Brauers, 2004) . This method was further developed (Brauers & Zavadskas, 2010) and became MULTIMOORA (MOORA plus the full multiplicative form). Numerous examples of application of these methods are present Brauers & Ginevičius, 2009; Brauers & Zavadskas, 2009; .
Weighting of objectives has crucial importance in multi-criteria evaluation methods. Churchman, Ackoff and Arnoff (1957, p. 151) see two phases in weighting the objectives:
1. Normalization of values for each of the objectives, which corresponds to the general meaning of normalization: "Normalization means reduction to a normal or standard state (US Webster Dictionary). However, the term got many interpretations in many fi elds such as in international politics and in technology. In the last case the stress in mainly put on the unifi cation of diverting systems of measurement. As decision making is interested in measurement, normalization in technology is a main starting point, beside normalization in money terms and in dimensionless measures" (Brauers, 2007, p. 445) . , which would make outside normalization unnecessary.
Going out from the raw data a response matrix is composed with the objectives (criteria) as columns and the alternative solutions as rows. The problem of duality of the weights is posed by reading the matrix horizontally and not vertically. This vertically reading as applied in MULTIMOORA and TOPSIS realize dimensionless measures making external normalization unnecessary.
Therefore convergence of opinion between all stakeholders interested in the issue is reached by a Delphi technique. In this way as the objectives are quantifi ed convergence of opinion to be reached concerning signifi cance coeffi cients is not diffi cult. To know who the stakeholders are and to bring them together are more diffi cult problems. However successful applications can be found (Brauers, 2002) . More specifi cation is brought by replacing signifi cance coeffi cients by sub-objectives, e.g., 3 sub-objectives replace one objective and the signifi cance coeffi cient of three.
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1) The MULTIMOORA method
The MOORA method was developed by Brauers and Zavadskas (2006) . The initial step of MOORA method is construction of matrix X with its elements x ij corresponding to the i-th alternative of j-th objective (i = 1, 2,…, m and j = 1, 2,…, n). In this case we have n = 7 objectives -indicators -and m = 27 alternatives -European Union Member States. MOORA method comprises the two approaches, namely the ratio system and the reference point approach.
The Ratio System of MOORA. Ratio system embarks on the data normalization via comparison of each alternative against the aggregate one:
where x * ij represents the i-th alternative of j-th objective (in this case -j-th structural indicator of i-th country). In general case, the normalized values fall within the interval [-1; 1]. The procedures for normalization in the context of decision making were analysed in a more detailed manner in the study by . The normalized values are further aggregated for each alternative. Specifi cally, they are added up (in the case of benefi t indicators which are to be maximized) or subtracted (in the case of the cost indicators which are minimized), thus obtaining the summarizing indicator representing the utility of a certain alternative as follows:
where g = 1,…,n represents the number of objectives to be maximized (benefi t criteria). The alternatives are ranked on the basis of the resulting indicator by assigning higher ranks for alternatives with higher values of y * i . The Reference Point of MOORA. Reference point approach applies the results obtained in the ratio system. Specifi cally, the yardstick alternative is defi ned as the Maximal Objective Reference Point (vector). The coordinates of this point are the ratios found in formula (1). The j-th coordinate of the reference point is given by maximum over the alternatives r j = m i ax x * ij in case of benefi t criteria (minima are considered for the cost criteria). Therefore, one uses the maxima or minima associated with the objectives (structural indicators) when defi ning the reference point. Subsequently, Then every element of normalized responses matrix is recalculated and fi nal rank is given according to deviation from the reference point and the Min-Max Metric of Tchebycheff:
The Full Multiplicative Form and MULTIMOORA. Brauers and Zavadskas (2010, p. 13-14) introduced an extension of the MOORA technique, namely the Full Multiplicative Form which relies on the multiplicative utility function. The utility of each alternative is obtained by considering the products of the criteria. For the i-th alternative, we have: to be minimized. Thus MULTIMOORA treats MOORA (i.e. Ratio System and Reference point) and the Full Multiplicative Form as the equally important measures of the utility. Ameliorated Nominal Group and Delphi techniques can also be used to reduce remaining subjectivity (Brauers & Zavadskas, 2010, p. 17-19) .
2) The TOPSIS method The algorithm of TOPSIS method is presented according to Hwang and Yoon (1981) . Initially response matrix X is normalized and thus dimensionless criteria obtained:
where a ij is the normalized value for i = 1,2,…, m and j = 1,2,…, n. 
where I = {1 = 1,2,…,m} and j are associated with the benefi t criteria, I' = {j = 1,2,…,n} and j are associated with the loss criteria. The n-dimensional Euclidean distance method is then applied to measure the distances of each alternative from the positive-ideal solution and the negative-ideal solution:
with v * j and v -j being obtained from formulas (7) and (8) respectively. Finally, the relative similarity to the positive-ideal solution is calculated (proximity to positive and remoteness to negative values):
where C i ϵ [0;1] with i = 1,2,…,m. The best alternative can therefore be found according to the preference order of C i .
System of Indicators
The system of indicators was used to identify the role of each European Union Member State. The system of indicators was developed according to theoretical fundaments of the world-system. The set therefore included main factors infl uencing mode of production and labour conditions (as shown in Fig. 2 Gross national income (GNI) per capita based on purchasing power parity (PPP) is GNI translated to international dollars based on the underlying rate of purchasing power parity. The concept of the international dollar allows for establishing artifi cial currency of the same purchasing power over GNI as a US dollar has in the United States. The very GNI is obtained as the aggregate of value added generated by all resident producers plus any product taxes (less subsidies) not included in the valuation of output plus net receipts of primary income (compensation of employees and property income) from abroad. Annual earnings indicator enables to identify whether GNI is invested in manufacturing and thus redistributed as wages, salaries etc. High values of GNI per capita and annual earnings are common to core states. High-technology exports are products with high R&D intensity, such as aerospace equipment, computers, pharmaceuticals, scientifi c instruments, and electrical machinery. As mentioned before, core countries tend to have greater volumes of hightechnology exports. Share of extra-EU exports is expressed as percentage of total extra-EU export and hence enables to identify countries depending to the core of European as well as global world-system. Higher values of such indicator thereof refl ect specifi c state's impact on the European Union economy as a whole. Employment in agriculture is expressed as percentage of total employment. Low values of this indicator should be observed in the core countries since their economies need to be oriented towards production of high-technology commodities. Growing urban populations'
Ekonomie share in total national population is also a result of economic transition. Successful core states should employ as much labour force as possible in order to improve their production capabilities. On the other hand, higher rates of unemployment may lead to some sorts of coercion, expansion of informal sector and other peripheral peculiarities. Furthermore, some studies (Korpysa, 2010) argue that higher rates of unemployment suppress entrepreneurship abilities of the population. The resulting decision matrix is presented in Tab. 2.
Assessment of the Financial and Economic Development
Results of MULTIMOORA and TOPSIS methods are summarized in Tab. 3. Data analysis began with application of the MOORA method (the data are available from the author upon request). First of all, initial data were normalized according to formula (1). Then formula (2) was applied ant Ratio System ranks therefore obtained. Next step included identifi cation of the co-ordinates of the reference point and application of formula (3) in order to compute deviations from the reference point with respective ranks for each Member State. The Full Multiplicative Form method was used by applying formula (4) on initial data. Finally, ranks of MULTIMOORA were calculated by minimizing sum of ranks, obtained by methods of Ratio System, Reference Point and Full Multiplicative Form. Final ranks obtained by MULTIMOORA are presented in Tab. 3. The TOPSIS was implemented as follows: Since all the objectives have the same importance, uniform signifi cance coeffi cients q j = 1/n were obtained, with n being number of indicators. Normalized data were therefore weighted according to formula (6). Positiveideal and negative-ideal solutions were then identifi ed according to formulas (7) and (8) respectively. Squared distances from ideal solutions and similarities to them of each Member State were calculated using formula (9) and formula (10). The analysis ended up by applying formula (11) and thus obtaining ranks by TOPSIS method (Tab. 3).
Final ranks in Tab. 2 were obtained by minimizing sum of ranks from the two latter methods. All Member States were assigned either of three roles in the European worldsystem. Best performing states with ranks from 1 to 9 were considered as core states, those possessing ranks 10-18 -as semiperipheral states, and those with ranks 19-27 -as peripheral states. It should be noted that all European states are unequivocally semiperipheral at least in the global world-system, thus their roles of peripheral states are only valid in the context of the European worldsystem.
The most signifi cant differences between ranks provided by MULTIMOORA and TOPSIS were observed between those of small states, namely Cyprus, Luxembourg and Malta. These states sometimes are omitted from analysis because of extremely high values of certain indicators. However, application of two different multi-criteria evaluation methods improved robustness of the results.
According, to the fi nal ranking, core of the European world-system consists of Germany, United Kingdom, France, the Netherlands, Italy, Belgium, Ireland, Denmark and Sweden. 
Conclusion
Theoreticians of the world-system approach defi ned three positions of the participants: core, periphery and semi-periphery. Core states are described as producing and exporting 
Tab. 3: Final ranks given to Member States and their roles, 2008
high-technology production, employing highwage labour thus dominating politically and economically in the world-system. Peripheral states are not developed economically thus mainly raw materials comprises the largest part of exports. Semi-peripheral countries possess the intermediary position. World-systems are dynamic structures; hence participants can experience either descents or ascents. A new conceptual model for identifi cation of roles in the European world-system was proposed. It consists of three main parts: 1) system of indicators; 2) application of multicriteria evaluation methods; and 3) fi nal ranking of the states thus identifying their roles. The system of indicators was defi ned according to world-system approach. Suggested system of indicators encompasses the following indicators: GNI per capita, average annual earnings, high-technology exports, share of extra-EU exports, employment in agriculture, share of urban population, rate of unemployment. MULTIMOORA method and TOPSIS were applied. Summarized ranks suggest that a group of states, namely Germany, United Kingdom, the Netherlands, Italy, Belgium, Denmark and Sweden, depends to the core of the European world-system. The new European Union Member States Romania and Bulgaria, three Baltic States (Estonia, Latvia and Lithuania) with Poland, Portugal, Slovakia and Slovenia can be considered as peripheral states in the European world-system. The new strategy Europe 2020 (European Commission, 2010; European Council, 2010) needs to be aimed at providing signifi cant support for these states.
The ranks obtained by application of MULTIMOORA and TOPSIS methods refl ect relative positions of the European Union Member States according to their level of economic and technological development. Since these ranks are obtained by summarizing a system of indicators, the fi ndings of this study will enable to test the hypothesis about innovation impact on roles of certain states in the worldsystem. Correlated with results from various competitiveness studies (Porter & Schwab, 2008; Pro-Inno Europe, 2009) , the results of this study would lead to more robust and complex analysis. Furthermore, the model for evaluation of economic and technological development can be modifi ed by changing objectives and multicriteria evaluation methods.
